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§29. Effects of a Net Toroidal Current on a 
Quasi-Axisymmetric Stellarator 
Kanno,R., Nakajima,N., Hayashi,T., Okamoto,M. 
Properties of islands in an equilibrium of a Quasi-
Axisymmetric Stellarator (QAS) [1] with a net toroidal 
current are studied. Here, the net current means a non-
vanishing toroidal current as the Ohmic current, the 
bootstrap current, the Ohkawa current, etc. The QAS 
configuration is considered recently for the improvement 
of high energy reflected particle confinement. A refer-
ence QAS configuration with the field period of A1 = 2 
has been obtained by the optimization of the shape of 
confinement region. [1] 
Although the three dimensional equilibrium has a 
possibility to exist under the currentless condition, the 
net toroidal current can flow according to the experi-
mental condition. The net current so drastically changes 
the rotational transform that the resonance condition of 
the magnetic island will be altered, which leads to the 
formation and/or self-healing of magnetic islands. 
To investigate such phenomena, the three dimen-
sional currentless equilibrium code, HINT, is revised so 
that it can handle equilibria with a net toroidal cur-
rent, see the report by Kanno, Nakajima, Hayashi and 
Okamoto "Revised Scheme of Three Dimensional Equi-
libria with the Bootstrap Current". And the revised 
HINT code is applied to the equilibrium of the QAS. 
\Ve consider the equilibrium with B0 = 2 T, Ro = 2 m, 
a = 0.46 m and t = 0.24 ~ 0.28. When the beta value of 
QAS is increased for the currentless case, the Shafranov-
shift appears, and a part of the Pfirsch-Schliiter current 
highly localizes on the outside of the torus. Therefore, 
the rotational transform -t near the magnetic axis is go-
ing to decrease with the beta value. \Vhen t touches 
zero, a bifurcation of the magnetic axis appears and 
magnetic islands are made near the center, because the 
0-point in the magnetic structure is changed to the X-
point, see Fig.l. However, by adding the model net 
current to the QAS equilibrium, (which is proportional 
to the pressure profile), these islands disappear, because 
the rotational transform is increased, see Fig.2. In this 
case, the amount of the model net current, I net, is 50 
kA, where Inet is defined as 
Inet = J dST · jnet, 
ST is the poloidal cross section, and 
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Fig. 1. In the currentless QAS equilibrium for the cas~ 
of f3o = 3.2%, a) Poincare plots of field lines at the 
vertically elongated poloidal cross section, and b) the 
profile of the rotational transform 1-tl. 
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Fig. 2. In the QAS equilibrium with the model net 
current for the case of f3o = 4.6%, a) Poincare plots 
of field lines at the vertically elongated poloidal cross 
section, and b) the profile of the rotational transform 
1<1. 
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